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The “meteorologlcal scene' at the beglnnlng of?;;;‘;;;;;;;iiif“:igg"“J
eeparate centers of act1vity, 1arge1y out of touch with each other,
There was no worldéwide communication syetem for weafher data, and
daily weather maps were of more local extent than today The most
extensive weather maps were those of the Uhlted States and Canada,
although they did not at that time include the-arctie territories.
'Ehrope wasganother'area wifn internationally‘organized-exehange of
weathe;' information, and the l.J'apanes'e area was a third ome. The
weather forecasting in-each'area was troubled by the lack of early
1nformatlon about travelllng dlsturbances from the west. It did not
4help the European weather fOrecasters, for 1nstance, that transatlantic
cablegrams could brlng a dally summary of the North Amerlcan weather.
3That had been trled in the early years of the cable connectlon, but |
then again abandoned. The Atlantlc gap- had proved ‘too wide to be
‘bridged by 1nterpolat10n on the weather maps.
Upper alr observat1ons were in thelr f1rst stage of development
and exerted no lnfluence on the routlne of daily forecastlng. Manned
. balloon'flights nefela'popnlaf"publie epeonacle; and the measurement

' of the close to moist adiabatic rate of decrease of temperature with
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_'height was an.important scientific by-product of such flights. -Unmanned
balloon flights with self-recording' instruments had penetrated still
_hlgher than the manned ones, and had d;sccvered the stratosphere.

The people on the "scene of theoretlcal meteorology" were becomlng
_aware of the 1nterest1ng three-dlmenslonal strncture of the atmosphere,
and began tc look for tools'from the science of hydrodynamics'that could
put weather forecast:.ng on a sc;LentJ.fJ.c foundat:.on. ‘I‘he old German:
genius of natural science, ‘von Helmholtz, had already two decades before
.1900 made the first 1mpcrtant steps with hls theorems of circulation cf
1ncompre551ble medla, and my father, V. Bjerknes, had followed up at
~ the turn of the century by extending Helmholtz! theorems to compres51b1e
'.rmedza (Like a1r) on a rotatlng planet.-

My flrst chlldhood memories date from thls perlod.. The tapping
‘of the typewrlter in my father 8 study was heard year in and year out.’
.But then also, durlng summer vacatlons in the country, a dlfferent
'act1v1ty took place. Impresszve kltes, far greater than the toy ones,
were 1aunched carrying recordingeinstruments. My role was-of.conrse
only to watch while grown-up students 0perated the kltes, and the
' purpose of the whole thing was far beyond ny comprehen51on. As I later
: learned, the kite ascents were made to extend aerologxcal knowledge

northwards from Central Europe, where many balloon ascents had taken

place, to the v1rtually unexplored ScandinaV1a. In technlcal terms,
rthe ascents were made to count the 1sobar1c-1soster1c solen01ds in a

_ merld;onsl profile._ The new clrculatlon theorems called for such field



work, but I must add; as most of you know; that my father's tinkering
w1th kite technology never caused the semsation on the meteorological_
scene as did the circulation theorem 1tself. |
l I would like to mention a few other personalities on the

"meteorological scene" in the first part of our century. and I hope
'you will excuse mw arbitrariness in ch0051ng these people all from
ScandinaVia, the’ only part cf the world that I could observe at that
-timer |

One of my father 5 studente developed theorems of his own,
'which have found their way to all standard textbooks and forever will
continue to be useful. That was W. V. Ikman, an applied mathematician
iwho invented what all the world still calls the "Ekman Spiral" It is
a symbol for the.explanation given by Ekman'of how friction-at a
boundary surface modifies the circulations derived'bj classical.hydro-
dynamics for frictionless media. bne of the most inportant applica-
“tions of the Ekman Spiral is that of show1ng the mechanism of the .
maintenance of the ocean currents by w1nd drag at the ocean surface.-

" Hcmen later.éot his-anpointment as a professor'at the small._
provzncial Swedish univer51ty of Lund, and remained there for the rest
of his 11fe. From his "1vory tower" came a succession of fine research
contributions_uhich.built the theoretical structure from'which modern--
.oceanography got.many'of itsupresent tools; ‘As an example of the
esteem of younger oceanographers for their lonely and modest senior

colleague, I may . mention that the young and dynamic worker, in oceanography
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as well as in meteorology, C. -G. Rossby, repeatedly confided to me that
he had often, and very sermously, thought of abandonlng all his emplre-
bulld:.ng in Amer:.ca :Ln ord.er to go back to a small Job under Ekman :m
the provincial unlver51ty 1n the old country.

| Then, let me mentlon a few arctlc explorers. fhey also helong
.in.a descrlptlon of the meteorolog1cal scene. Some were scholars in
their own right, and all of them went to thelr adventures more or less
w1th the moral backxng of the professxon of meteorology that wanted to.
see also the geographical frontiers of knowledge advanced. Before the
turn of the century the Swedlsh explorer Otto Nordensklold had p1oneered
_the-navigatlon by shlp_from Europe to the Berlng Stra;t north of Slberla;
.nnd'the Noruegian Frithjot NanSen'had'been the firstito cross?the Green;
-land icecap, and several years afterwards had his ruggedly constructed
Jshlp Fram cross the Arctlc Gcean f0110w1ng the ice drlft with the trans--
-arctlc ocean current, whose exlstence he had postulated._ These'were.
glamorous world events in geographlcal exploration, and they had pushed
.the frontlers of meteorologlcal and oceanographlc exploratlon further
.polewards. But more remalned to be done! .

Qulte naturally, the manned balloon came 1nto the plcture as the
vehicle that could travel faster than the ship, br1ng more uncharted
terrltorw'under observatzon, and also make a beg1nn1ng in explorlng the
aerology of the Arctlc. The Swedlsh balloonlst Andrée and two young__
meteorologist companzons ploneered that 1dea, and got the necessary

f1nanc1al support for a balloon fllght from Spitzbergen -at 80°N toward



the pole and beyond. The rlsk of fallure of such a flight was great,
but not'really forbidding. A balloon can stay aloft long provided it
does not lose gas by the perlodlc thermal expanszon and contractlon
between day and nlght. The arctlc summer does not have nights, and
:the balloon was expected to be able to fly there in almost constemt
temperature for a long time. Then also, the belloon would stay aloft
long enough to be carried by the wxnds to some 1nhab1ted area outside
the Arctic. -

Such was the plan, ‘but 1t fa;led- and the balloon W1th its-
ecourageous crew d1d never return from the Arctlc.

_ It took thirty years for the mystery to be cleared up. An

: expedltlon of Norweglan geologlcal surveyors in 1930 explored some
unlnhablted, and seldom:vzslted? 1slands_east of Spltzbergen._ Islands
'that can only_he réached-hy ehip in summers of minimumfvolume'of.erctio'
pack iéé; There they foundxen old camp-site wlth.the'remnante of the
Andrée exneditlon. The diary and the.meteOrologioal 1og were found ln _
.good readahle shape, so that the folloW1ng thlrty year old happenings
'could be reconstructed._:' .

All had gone well to begmn w1th, and the balloon had travelled
at low_eltltnde about one third,the dzstance to the North Pble, when '
the.wind droppedlto a light breeze of uariable.direction. -During that

period the rope, that was being dragged behlnd the balloon to afford -
some amount of steerlng, got stuck around the corner of an 1ce hummock,
.whereafter the balloon remalned helplessly moored to the 1ce._ After a

period of desperate waltlng the balloonists had to release gas, and land.



The tour back;lon foot across-the rough_ice and in a raft across.open
lanes, was a terrible struggle, and it ended at thefuninhabdted island
from_which-novfurther‘southward push was possible.

- 'Thds'was only one_of-the many tragdc losses of young arctic .
ekpiorers'voiunteering to take'great personal.risks'in the service of
science. _i_only mention the Andrée tragedy oecause it was very much
part of my childhood-scene. -One of the balloonists was my father's
student in Stockholm, Sweden.
| deay, as we all know, flylng has conquered the Arctzc. Regular.
' long dlstance passenger flights connect Europe with Alaska and the. Far
“East by way of the North Pole, and meteorologlcal and oceanographlc
observ1ng platforms with comfortable 11v1ng quarters ‘are malntalned on
‘drifting arctic dce'floes; The air. freight 1og1st1cs for such sc1ent1f1c
act1V1ty is not entlrely free of rlsk, but the rlsk factor is what we in
modern thlnklng call "acceptable"°.and, certalnly, it is several orders
" of magnitude safer then the Andree arctic balloon f1ight.
| | deay the glamorous, and rlsky, frontler of exploratlon is EBEEEJ
and agaln young. enthu31asts volunteer for 1t.. "Space".is outside the
atmosphere, and space science is not meteorology. But we as meteorolo-
| glsts are not qulte free of respon51b111ty for the space bllllons this
country is spendlng L1sten to thzs quotatzon from one of our 1ead1ng
' pol1ticlans. "How can we be second in space, and first on earth? These
people who dlscount the 1mportance of the race to the moon never cease

to astound ne. Suppose the Ru351ans conquered space first? Suppose they



begah.. determining the weather, and turning America lnto-an arid plain?
No, you can't be first on earth and be second in space."

| Wlthln th1s A.M.S. forum let it be sald that over-eager space
enthusiasts unlntentionally must have mlslnformed the polltlcal 1eaders
_of our country. No meteorolog1st in hls rxght mind would claim that
from space Amerlcan cllmate can be turned into arldity.

Less extreme mlsconceptxons are often heard from the space
sclentlsts themselves. The usual theme is. when we get space platforms
-all the problems of weather forecastlng on earth w1ll be trivial and. |
' easy to solve. Even such statements should in our own interest be
' emphatically.contested. .Space:platforms,.even manned ones, we shall
.Prbbably.éet iﬁiéfnot too diatantIfuture..-Butffaultless-weather fore-
casting ﬁillmnot'follow. And meteorologlsts will then be blamed for
not belng able to perform the "trlvzal" job of turnzng the 1nformat10n
from a space platform 1nto perfect short and long-range weather forecasts.

Now, don't mlsunderstand me as belng entlrely antl-space. I am
not._ Tiros satellltes were marvelous eye-openers for synoptlc meteorolo—
_ gzsts mwself included; and our world-moncpoly on these wonderful gadgets
is a source of world prestlge of whlch we can be 3ust1f1ably proud. But
let us not lose our balanced view of what sc1ent1f1c weather forecastlng
" really is: l) a qu;ck compllatlon of data on the present state of the
global.atmosphere, and 2) a quick predlctlon of the change_of that.state
by time-integration of our d&namic equations.4 Ultraviclet, visual, and

infrared observations from a-space platform would help to some extent



: under heading (1), but:hardly at .all under heading (2). Even in the
“job of complling the preSent state of the atmosphere I would not trade
our reportlng weather shlps agalnst satell:tes on a dollar for dollar
ba51s.- Tb reap the- beneflts from modern numerical forecastlng we do
_need weather sths, and more of . them, partlcularly in the P301flc Ocean.
Satellltes do not make weather shlps superfluous.

| Well, what should ve. recommend our bright young students to do

.m.th the:.r careers on' the present "meteorologlcal scene"? I would

; exclude the glemoroue trlp to the Moon, and even that to Mars. Our

meteorology on’ Earth is 1nfin1tely more important for manklnd and we

. need all the brxght young people rlght here. There is plenty'of'choice

of sub;ects. ‘On the meteorologlcal scene of today we are "teaching

 more and more about less and less"; meanlng that more and more flelds |

.of narrow speclallzatlon, too numerous to be mentioned here, are avall-

'.ahle for cholce. Modern soclety calls for all that dlfferentlation,

. and I he51tant1y admlt that most of that divers;flcatlon 1s 1nev1tab1e.

” - But yet I would glve hlghest recommendatlon to the less narrow

““and more ba51c fleld of meteorology, whlch was the concern of the founders
of our sclenoe, and whlch st111 is our flrst duty to soclety.' weather

.forecastigg' All too frequently, students, and profeasors too, shy away
from the subaect of weather forecastlng and go 1nto ‘one of the nice
: llttle research specxalties whlch are 1ess nerve racklng, and which do

..not force you to show the publlc how often you are wrong.

But, fortunately, the weather forecaster w111 soon be better off.



 £1ectronic automation has already relieved him of much of the.over-
‘whelminé.loed of date'handling,_and now also presents him with elec=
"tronically conpnted.forecast_neps; _True enough, these forecast maps
' are'not.infellible,_becanse-the#_abply-strictij.only-to a "model
ratmosphereﬁ.which is a_simniified version of the real atmosphere.__
f.But the.computed forecast maps do'have-the great merit of being
con51stent wlth the teachlng of the science of fluid media, which in
- turn is safely tled to. mathematics. And, w1th that sound foundation,
1mprovements are bound to come to the st111 very young science of
numerlcal forecastlng. | - | -

. But such progress ﬁi11 be-contingent upon the alértness, intuition,
.and creatlve thlnklng of the men who use the computers. They must not
: gulllbly accept all that is turned out by the computers. They must
scrutlnzze the errors of the machlne forecasts, and . step by step they
w1ll have to teach the computers to do- an even better job than that of
today.’ That challenge certainly ought to attract many of the bright
_ young men who are to choose a career in meteorology.

Slnce the A M.S. has gzven me thxs unlqpe opportunlty of address-:
__1ng a 1arge and representatlve profess1onal audlence, I cannot resist
'the temptatlon to w1nd up with a plug for the comblned oceanographlc-
'rmeteorolcglcal research, to whlch Iam devotlng my last ectlve years.
*It is. qulte loglcal to enter that . f1e1d 1f you want to understand the
'changes of weather over longer range- in.other words: the. “climatic

_change" In short-range forecastlng, ‘the oceans can be cons1dered a
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constant lower env1ronment of the atmosphere w1th a time-constant field
.of temperature' but in long range forecastlng, the chang1ng anomalies
of ocean temperature cannot be overlooked, because they decide the rate
of heat and humldlty supply to the atmosphere (for any given w1nd
_ veloc1ty). The study of the 1nteract1ng cllmatlc anomalles of the
atmosphere and the oceans is therefore-a Ymust! if we are to'understand”
the mechan;sm of cllmatlc change. | | |
y The perlod of adequate marine observatlons for such studies
extends about 80 years. In ‘the Natlonal Weather Record Center, in
.Ashev1lle, N.C., 33 mllllon Shlp observatlons are now stored, and the
stockplle rapidly grows from year to year. Ind1v1dual researchers of
course cannot cope w1th -the glgantlc JOb or extractlng all the useful
1nformatlon from that many mzllions of ohservatlons, and the science
of ocean-atmosphere 1nteractlons has’ therefbre 1argely stagnated after
a brlef blossomlng perlod in . the early part of our century But on
the modern meteorolog1cal scene. the fast electronlc processlng can
:salvage-the stored treasures-of 1nformatlon, and soon w1ll-do ‘80, if
the 1atest natlonw1de plans for the research.on alr-sea 1nteractlon
'get 1mp1emented. ’
Fbrtunately, the past 80 years have also seen a good deal of
_measurable cllmatlc change, so that much can be learned from a study
of that 1mportant perlod. The geographlcal models of cllmatic anoma11es
found to apply for the recent past w1ll also help us to evaluate the
many. dlfferent theorles put forth for the more distant past, in partlcular

those of the ice ages.



: We can enter this type of research armed with the knowledge
contalned in the theorems of c1rcu1ation of atmosphere and ocean handed
_down to us from the prlmltlve meteorolog;cal scene of half-a—century
ago. But it is flttlng and tlmely at this occasion also to remember
“how much was later added - in the way of 1mportant tools for ocean~ N
atmosphere research by the late Harald Ulrik Sverdrup, whom we are
_honorlng today _ _ |
B Dr. Sverdrup came. from the same theoret:.cal school as . dJ.d his
senlor Swedlsh colleague in oceanography W. Ekman, but Sverdrup' .
_career unfolded more on the 1nternat10nal plane, flret as a Norwegian
' arctlc explorer, then as a U.S. citizen in the dlrectorship of the
Scrlppe Instltutzon of Oceanography, end f:.nally back " to :.nternatn.onal _
-work in the old country.- Among hls many flne research contrlbutzons
we here only mentlon one of his last, from l9h7, whlch, by an 1ngenlous
”comblnatlon of the clrculatlon theorem and Ekman's theory of w1nd drift,
gave us the e:.mple rules i‘or long-range ad;)ustment of ocean currents
_dlctated by primary meteorologlcal change. The resultlng, usually |
“m1nor, adJustment in ocean currents has, in turn, a percept1ble feed-
;back effect on the atmospherlc czrculatzon, whereby the play of climatlc
change, in atmosphere and oceane, continues through decades, centuriee,
:and mlllennla.". _

“ It will obviouely'tahe;a'long.tlme to get a firm.hold on the
__theory of current climatic:changee'throuéh-rerifioation-testing by

obseryations.' But it,seeme to he a'eafe prediction'that the A.M.S.,
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when rev:.ew:.ng ‘the state of knowledge on the processes of climatlc
change some. t1me in the 21st century, Wlll feel proud that in 1964
-the name of Harald Ulr:.k Sverdrup vas :|.mmortal:|.zed also by the

_mst:.tut:.on of an A. M S. gold medal.



